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THE STRUCTURE OF SHiPS
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UNITED STATES COAST GUAND SECRETARY t
NAVAL SHIF SYSTEMS COMIRAND SHIP STRUCTURE COMMITTEE
MILITARY SEALIFT COMMAND U.S, COASY GUARD HEADQUARIERS L
MARI TIME ADMINISTRATION WASHINGTON, D.C. 2059t
ANERICAN BUREAU OF SHIPPING

SR-174

1972

Dear Sir:

A major portion of ths effort of the Ship Structure Committece
progran has been devotod to improving capability of predicting
the loads which g ship's hull experiences.

This report contains Jatails of a computer program, SCORES,
which predicts these loads. Details of the development and
verification of the prograw are contained in SSC-229, Evsluation
and Verification of Computer Calculations of Wave-Induced Ship
Structural loads. Additional information on this program may

’ be found in $5C-231, Further Studies of Computer Simulation of
Slamming and Other Wave-Induced Vibratory Structural Loadings.

. Comments on this repoxt would be welcomed.
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ABSTRACT b

Information necessary for the use of the SCORES digital compu-
ter program is given. This program calculates both the vertical and
lateral plane motions and applied loads of a ship in waves. Strip
theory is used and each ship hull cross-section is assumed to be of
Lewis form for the purpose of calculating hydrodynamic forces. The ;
ship can be at any heading, relative to the wave direction. Both 3
regular and irregular wave results can be obtained, including short 3
crested seas (directional wave spectrum). All three primary ship
hull loadings are ccmputed, i.e. vertical bending, Tlateral bending
and torsional moments.
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A1l the basic equations wused in the analysis are given, as
' well as a description of the overall program structure. The input
: data requirements and format are specified. Sample input and out-
' put are shown. The Appendices include a description of the FORTRAN
program organization, together with flowcharts and a complete cross-
referenced 1isting of the source language.
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I. INTRODUCTION

This manual describes in detail the use of SCORES,
which is 3 digital computer program for the calculation of the
wave-induced motions and loads of a ship. Both the vertical and
lateral plane motions are treated, so that results for vertical
bending, lateral hending and torsional hull moments can be ob-
tained. The principal assumpt:ons of the method are that the
motions are linear, can be solved Ly "strip theory" and that
the ship sections can be approximated by-”Lewis forms" for the
pucpose of calculaling the hydrodynamic foxces, that is, the
reguired two-dimensional added mass and wave damping properties
Both regular or irregular waves can be specified, end for the
latter multi-directional (sliort crested) seas are allowed.

oCORES was written in the FORTRAN IV language and
checked out and run on the Control Data 6600 Computer using the
SCOPE operating system (versisn 3.1.6). The pcogram is un-
classified.

The method of analysis used in SCORES is outlined below
in Section II. All the equations of motion and loadings are
given, 1In Section III, the organization of the SCORES program
is discussed briefly. An explanation of input data card prepara-
tion is given in Section IV, and of program output in Section V.’
An example problem is shown. Error messages which can appear
during program exccution are described in Section VI,

The Appendices include a description of the FORTRAN
program organization, flowcharts for each subprogram and a com~
plete cross-~referenced (to the flowcharts) listing of the source
language,

II. METHOD OF ANALYSIS

The analysis used in SCORES was developed and investigated
to some extent in work supported by the Ship Structure Committee,*
The exposition to be given here will serve as a convenient listing
of the equations, but for the full derivation and explanation of
the analysis method, the references listed should be consulted.

*Kaplan, Paul, "Development of Mathematical Models for Describing
Ship Structural Response in Waves," Ship Structure
Committee Report SSC-193, January 1969 (AD 682591)

Kaplan, P., Sargent, T.P. and Raff ,A.I., "An Investigation of the
Utility of Ccmputer Simulation to Predict Ship
Structural Response in Waves," Ship Structure
Commi.ttee Report SSC-197, June 1969 (AD 690229)
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Kaplan, P., and Raff, A.I., "Evaluation and Verification of Computer
Calculations of Wave-Induced Ship Structural Response."

Ship Structure Committee Report $Sf-229, July 1972.
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The relationship between the water wave system and the
ship coordinate axes system is shown in Figure 1. The wave propa-
gation, at speed c, is considered fixed in space. The ship then
travels, at speed V, at some angle, B with respect to the wave
direction. The wave velocity potential, for simple deep-water
waves, is then defined by:

e e e e —r— o 7 Ao, i e

R e R B R L O i T L L L

o = -ace ¥%'cos k (x' + ct) 3
W (1) p
RL

i

where a = wave amplitude 3
c = wave speed 4
2n 3

k = wave number = :— 2
A

E|

A = wave length 3
. . , X

z' = vertical coordinate, from undisturbed water surface A
positive downwards p

x' = axis fixed in space A
t = time 3

The x-y axes, with origin at G, the center of gravity of the ship,
translate with the ship. The x' coordinate of a point in the x-y
plane can be defined by:

RN R R P

x' = -(x+Vt) cos B8 +y sin 8 (2)

Then, the surface wave elevation n (positive upwards) can be ex-
pressed as follows:

8 @
= 1 wl . . '
n = 3 5T = a sin k (x' + ct) (3)
z'=0
since c? = %
where g = acceleration of gravity
In x-y coordinates we have:
n = asink [-» c0os 8 + y sin B+(c-V cos B8)t] (4)
+ _Dn _ 9 _ ] .
n = 5¢ —(at Voax) 0 (xe%)

n = akec cos k [-x cos B+y sin B + (c-V cos B)t] (5)
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Fig. 1. Wave and Ship Axes Convention

Lty

kg A o)
s s

and .,

i

e

= ~akg sin k [=-x cos B+y sin B8+{(¢-~V cos B)t] (6)

=
[}
lv/{=]
t
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The results of the equations of motion, etc., will be
referenced to the wave elevation n at the origin of the x-y axes,

[P U ST S o T
i S0 g L S pp

2 that is:
n = a sin k“(c~Vecos B) t (7)
or n = a sin wat %
where
wg = Z%— (c~V cos B) (8)

and ©g is known as the circular frequency of encounter.

A. Vertical Plane Equations

»

Rl

s

[,
2

The coupled equations of motion for heave, z (positive
downwards), and pitch, 6 (positive bow-up), are given as:

& pYe

3 - Pz

% mz = a;(- dx + zw (9)
3 X

S, s

e e A Y  ne b
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3
:
4 {
i
%
X, ¢
- | 3
; § Iye- - = ¥ dx + Mw (10) 2
3 *s
3 where :
3 ! m = mass of ship 3
¢ i I,= mass moment of inertia of ship about y axis ]
: 3
%§= local sectional vertical hydromechanic force on ;
ship
Xss %, coordinates of stern and bow ends of ship, ;
respectively
Zgr M, = wave excitation force and moment on ship 3
The general hydromechanic force is taken to be: i
.
42 _ _D_ |ar_ (3-x64Ve) |-N' (2~x8+V0)~pgB* (z-x8) (11)
dx Dt 33 z <
where
p = density of water
A53- local sectional vertical added mass
N; = local sectional vertical da ning force
coefficient
B* = local waterline beam
and
[ - 23 ~3
N! = og A2|we; (12)
with
A = ratio of generated wave tu neave amplitude for

vertical motion-induced wave

Expanding the derivative, we obtain:
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;] 3
1 : g

5 ¢ 3

A ( da! 3
E = - Ay, (z-x6+2Ve) | N V=32 | (2-x84V0) !
E ~ ogB* (2-x6) (13) i
§ The equations of motion, (9) and (10) are then transformed into E
3 the familiar form as follows: E
a';+bi+c'z—d5~eé-g'e=zw ()

g A9 + B8 + Co - Dz - Ez -G'z =M, (15)

; The coefficients on the left hand sides are defined by:

hda ot il R 8 I Y 1 W o i i e | ALY e, T A

3 E a' = m+ JAé3dx ‘\
3 - [ ] - '
L b = } Nz dx -V |d (A33,\

c'= pg [B*dx :
] @
3 9
E 5
3 _ _ \
1 d=D A33 x dx i
= ' - ' " ' E
3 e Nzxdx pAY A33dx VvV |xd (A33)
R E‘
A i
3 £

s [
3 ¢ g'= pg | B*xdx -Vb
3 1 g
£ $ (16)
; = ' x2 :
3 ! A Iy+ A33 x<dx .
E 4 B T
y. tn 3%,
:5\'_:
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= V24 - - 2
B Nzx dx -2v A§3xdx v x<d (A

C =

33)

og | B*x2dx-VE

]
|

' -
Nzxdx v xd (A§3)

/

G'= pg [B*xdx

/

where all the indicated integrations are over the length of the
ship.

The wave excitation, the right hand sides of Egs. (14)
and (15), is given by:

xb dZw
Zw = a—x— dx (17)
Xg
X
b gz
M, =- HEE x dx (18)
Xg

The local sectional vertical wave force acting on the
ship section is represented as:

az dA; B
33 . . ~kh
craiaie l:"gB*" M e B EL (19)

i A e
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yhere E = mean section draft. Substituting the expressions for n,
n and n from Eq. (4), (5) and (6), with y=0 and applying the
approximate factor for short wave lengths we ohtain:

dz, -kh r .
I = " ae [.(pr*=A§3 kg)sin(-kx cos B8) +
day,
L. - . Ken ¥ K
ke (Nz \Y T cos (~kx cos B8)|cos “et + (ogB* A33kg) 3
daz3 ' 3
_ ~ I . . . . p
cos (-kx cos B)-~kc Nz v I 51n(:kx cos 8)| sin uet j
. fnB* ., !
sin 3 sin B }
(20) :
*
7B sin 8 %
) . .
The value of h is approximated by:
E
i ! j*
h HCs (21) ! 3
where H = local section draft
Cs= local section area coefficient

The steady state solution of the equations of motion are
obtained by conventional methods for second order ordinary
differential eguations, using complex notation. The solutions are
expressed as:

N
1§

z, sin (wet+o)

(22)

@
u

i )
eo sin (wet+c,

where the zero subscripted guantities are the amplitudes and 3§
¢ are the phase angle differences, i.e. leads with respect to the
wave elevation in Eq. (7).

The local vertical loading is given by:

T VLTI LA

daf
a-;(-z- = -em (z-x6) + 92 4 8%

dx “dx (23)

X
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where

T T TRTETY -

dm = local mass, per unit length.

By. (23) is simply the summation of inertial, hydrodynamic, hydro-

static and wave excitation forces. i
The vertical bending moment at location X, is

Eas. (13)and (20).
then given by:

B,

(x,) =

-

X

o]

The latter terms are given in

xb'1
dfz
or (x—xo) T dx (24)

A i e

e T A

i e R
it

and is expressed in a form similar to the motions, i.e.

(25)

L% i wliac

BM_ = BMzo

z sin (wet+a)

3
A
3
3
3
3

P

B. Lateral Plane Equa..ons

: The coupled equations of motion for sway, y {(positive to
E . starboard), yaw, ¢ (positive bow-starboard), and roll, ¢ (positive
i starboard-down), are given as:

F
%
3,

*p

.. dY
my = ax dx+Yw

(26)

*
[T O dy
Iz.d Ixz¢ ax b+ dx+Nw (27)
X
[xb
Ix¢ -Ixzw = {28)

dK T
J Ix dx-mg GM ¢+Kw
x

s

o

0
SRR NI IR Nt MBS Il ST 000, it

where 1I_ = masgs moment of inertia of ship about z axis

z :
I, = mass moment of inertia of ship about x axis )
Ixz = mass product of inertia of ship in x-z plane 3
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Y

= local sectional lateral hydrodvnamic force on ship

dy
dz
dx
dx

= local sectional hydrodynamic rolling moment on ship

Yw, Nw' Kw = wave excitation fcrce and noments on ship

k GM = initial metacentric height of ship (hydrostatic).

B R W LTI S F Y]

AL L W o i g 4 K

The bydrcdynamic force and moment are taken to be:

Lo L

s iy

¥
TR N

E d D 3 . . - . . .
3 3% = - Bt [ Ms (y+xw—V$)-Frs¢ ~Ns {y+xy~vy) + Nrs¢ 3
3 i ;
E (29) j
: -~ D . ———— . e
+ 0G Dt (Msd:) + 0OG N8¢ §;
dx _ D I . . . . ) . . . ,.%
dx T 7Dt [TrtMee (YHRU-VY) | SN0+ N (YHRU-VY) ]
(30) ;
_ &z D_ sy o s = dY )
0 5 (Ms¢¢) oG W 0 -6 g s
f{ where O0G = distance of ship C.G. from waterline, positive up §
;j M, = sectional lateral ac .4 mass 5
k-
3 Ns = sectional lateral damping force coefficient ?
:
Ms¢ = gectional added mass moment of inertia due to lateral 4
motion 3
k Ns¢ = gectional damping moment coefficient due to lateral f
" S motion 3
% Ir = sectional added mass moment of inertia f
k- k
A N, = sectional damping moment coefficient ;
] 4
3 1

Fog= sectional lateral added mass due to roll motion
N, o = sectiocnal lateral damping force coefficient due to

roll motion
and the sectional added mass moments and damping moment coefficiente
are taken with respect to an axis at the waterline.

BTN E e 3 - i
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The additional roll damping moment to account for viscous
and bilge keel effects is taken as a particular fraction of the
critical roll damping, as follows:

* = -
N, Ly CC/L Nr(w¢) (31)

where Nr* = sectional damping moment coef.icient due to viscous
! and bilge keel effects

Ly = fraction of critical roll damping (empirical data)
3 CC = critical roll damping 3
§
L = ship length (L=X,-~X_)
vy = natural roil (resonant) frequency }

N_{(«,) = value of Nr at frequency o

r s $°

. The critical roll damping is expressed in terms of the natural
{ roll frequency by:

- GM 1
! Cc = 2 mg GM wy
: _ 3 (32)
% with w, = mg_GM
: (Ix + fIr(w¢)dx)

where the integral is over the ship length. The calculation of
the natural roll frequency, w,, as indicated above is carried
out by means of successive apﬁroximation.

Expanding the derivatives, we obtain

4 ey _ e oul Mg A,
3 == -Ms(y+xw—2Vw) + v I -Ns (y+xy=Vy)
(33)
_ L dFrs dMs .
+ Frs+ oG MS ¢ + Nrs+OG Ns -V ax + 0OG I $
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m— dMs¢ —— dMs . .
+ Ns¢+ 0G N~V 3%+ 0G 3¢ {y+xy-Vy)

(34)

The equations of motion, (26}, (27) and (28) are then transformed

into this familiar form:

aj1¥*a;¥+a) gutay gita; cvta gétag gé = ¥

Ag1¥Fap ¥ %2 ¥+ gvtascuta getasgd = N

azi¥tagyytazitaggitazgytazqdtasgitazgd = K

\

J

The coefficients on the left~hand sides are defined by:

<

a4 = stxdx r g = INsxdx -2V Ixsdx -V fxd(Ms) '

316 = "V212 ;o o8y = - IPrsdx - 0G IMsdx '

ayg = - Jstdx + 0GV jd(Ms)-GE INsdx +V jd(Frs)

ay) = JMsxdx v 35y = JNsxdx -V de(Ms) '

ay = I+ JMsxzdx ¢ Ay = JNsxzdx-ZV JMsxdx—V szd(Ms) '
8,0 = Vag, ,  a5g = =1 - IFrs xdx -0G stxdx

ajg = - JNrsxdx+53V de(Ms) -0G JNsxdx+v de(Frs) .

- v |
m + IMde ¢ B9 = INsdx Vv jd(Ms) .

\

(35)

> (36)

/

’

\

X37)

/
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ay = -IMde -0G stdx / N\
ag, = -INwdx -0G JNsdx +V de(MM) +V 0G Jd(MS) ,
azy = -1, -fMS¢xdx -0G JMSxdx ' i
az = -IN5¢de ~-0G JNsxdx +V de(MS¢)+V oG de(Ms)-ZVa3l ,;
!@

azg = ~Vazy L(ae)
agqy =L+ fIrdx +0G IMs¢dx +0G IFrsdx +0G2 IMsdx '
azg = JNrm; dx + 0G JNs¢dx +0G Iursdx +0G2 JI\sdx

-V I'Id(lr)ﬂ-ﬁ Id(MS¢)+o—G Jd(FrsHﬁz Id(Ms)J /
ayg = Mg GM /)

where all the indicated integrations are over the ship length.

The wave excitation, the right-hand sides of Egs. (35) is
given by:

xb de
Yo = ax & (39)
Xs
f
"> de
N, = I ¥ dx (40)
x
s
xb de
K, = T ax (41)
x

E

|
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The local sectional lateral force and rotational moment {3
3 due to the waves acting on the ship are represented as: ; 3
2
s 3
3 , de Dv,, dMs Dv,, dMs 6 .
i i o = | (pSHMy) _ Wy, & NVutk ~Ms BT o Yw :
3 ks
. [xB* :
3 sin "—)‘g sin B) 2
3 * 1
: % sin 8 i
E E
] sin|-— 8in e)
] de = [= g—(M v )+p B*? -8z EZﬂ ~N_.V. (A
dx Dt "'s¢ w 12 Dt sp W aB*
2 —— sin 8
: Y
- o5 w
dx (43)
where v, = lateral orbital wave velocity
S = local section area
Zz = local sectional center of buoyancy, from

waterline

; The lateral wave orbital velocity is obtained as follows:

v =
w 3y

Bix by a2 b

Ve, =" akc e"kh gin 8 sink I:-x cosB + y sin g+ (c-V cosgt| (44)

AT

and then we have:

Dv =
3 ﬁ‘l = - akg e kh sin 8 cosk [—x c.: B+ y sing + {c-V cosB)t| (45)
'§
ta

=& e ey T a s e s . i R i =
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After substituting these expressions and expa--ling terms, we obtain

AT T T

de
; I = Ty cos wt + T, sin wot (46)
3 with T1 = 'J.‘3 [91‘4 cos ’I‘6 + c T5 sin TG—J
3 '1’2 = T3 lt--gT‘;l sin T6 + ¢ T5 cos Tb_

LY AN e

* -
- sin (%—B- sin fi
kh

1 ; P, = - ake " sinB
A % *
4 1;-3— sing
3 : | |
: T4 = pS+M —kMsds
aM aMm
s s
é TS—NS-Va-—x +kVaJx
4]
% T6 = -kxX cos B
¥ ax,, :
E and o = Ty cos u t + Tg sin w t (47) ‘;
4 § with T, = T, E: Ty cos Tg + ¢ T4 Sin Ts]

'I'8 = T3 Eg ’I'9 sin '1'6 + c Tlo c.?os TG] .

-3
[}

B* s3] - -5G T
9 TP \T2 s 4

am
= —32¢ _5G
Tio = Ny *V @~ ~0C Tg

The steady-state solution of the equations of motion are expressed
as:

y =y, sin (u t + x) (48)

kRIS 2 avy ont FLLs AN 2Wad g

y = wo sin (wet + a) (49)

v
§
K
{
£
F
]
¥
i
}
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sin (wet + v) {50)

: $ = 4,

where the zero-subscripted quantities are the amplitudes and «, «
and v are phase angle leads with respect to the wave elevation.

DAY T TR T

The local lateral and rotational loadings are given by: é

¢ 7
at ax é
3 _ . . . ay w *
Ej d—xx = -~ ém (y+xxp—l;¢) + ax + = (51) u
3 [
b
é‘ dmx 20 o . B*3 - _— i"
: T = - Sm.y?$ + emo(y+x{)+ og |33~ - Sz -80G| ¢ -gsmio 3
;
, K, dK@ ;

ax *ax (52) ;

3 ‘-"ﬁ

local center of gravity (relative to ship C.G.)
positive down

where

o il R S oy

Yy = local mass gyradius in roll

g and the hydrodynamic and wave excitation terms are giver in Egs. 3
E (33), (34), (46), and (47). 3

3 The lateral bending and torsional moments at location

4 X _ are then:
A (o) _
7 ‘
*o *p 9
df i
3 BMy(xo) = or (x-x ) EEX dx {53) :
Fs ) b
3 X Xy g
» r~ 4 _“
k' x X 3
g 0 b dmx ;
k. . = — 5 f
- \ TMx(xo) or ax dx (54) ;
‘ | /% %o, 3
s -
; ; and again they are expressed in this form:
4
1
: : BMy = BMyo sin (wet + 1)

(55)

pnisd

TMX = TMxo sin (wet + v)

¢
;’ﬂ\"ﬂ.. s
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The requirement on the local vertical mass center is:

)

s 1

sm,zdx = 0 (56)

*s

(il i v i e e e

LA L

Similarly, the requirement on the local roll gyradius is:

4
E- [ *p ;
% J SmyZdx = I (57) %
;
:

The product of ine::ia in the x-z plane is defined by:

*p

Ixz = Smxzdx (58)

e e T Y N et

Xg
C. Wave Spectra Equations

7 The wave spectrum for calculations in irregular seas is
considered to be a separable function of wave frequency and
direction as follows:

R B B 20 Lo 0 et

§ (w,u) = S, (v) 8,(n) for  O<wge

(59)

3 T n
3 and - 3 < u < 5

K

E: where S (w,u) directional spectrum of the seaway (short
3 crested sea spectrum)

g w = circular wave frequency

2
o
¢
.
E
2
i

y = wave direction relative to predominent direction

Sl(w) = frequency spectrum (long crested sea spectrum)

Sz(u) = gpreading function

The SCORES program includes various spectra that can be
chosen as desired. However, in all cases, the following
relationship between the spectrum, or spectral density, and the
wave elevations, or amplitudes, is used:

n,ww,;.‘; r
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® ul
2
aZ S(w,p)dedy (60)
ul
0 2

where a2 = mean squared wave amplitude.

Since we impose:

x
2
S, (1) dy = 1.0 (61)

I

Z

we then have:
a? = S, (w)du (62)
0

Additional statistical properties are formulated from the mean
squared amplitude:

a =/a (63)

Yms
= 4
3avg 1.25 C Y, (64)
a1/3 = 2.0 ams (65)
al/lo = 2,58 s (66)
where W root-mean-squared wave amplitude
aavg = average (statistical)wave amplitude
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a3 = significant (average of 1/3 highest)
wave amplitude

a1/10= average of 1/10 highest wave amplitude.

Neumann Spectrum (1953)

This freguency spectrum (as used) is given by:

- 2, =271=2
S (w) = 0.000827 g2r%u5e 29%w™°0 (67)

where U = wind speed

The constant is one half that originally specified by
Neumann so that this spectrum satisfies Eqg. (62). Thus, originally
the Neumann spectrum required only a factor of Y2 in Egq. (65),
instead of 2.0. :

Piersnn-Moskowitz (1964)

This is given by:

se-.74g“w'“U'“

S, (w) = 0.0081 g2u™ (¢8)
and was derived on the basis of fully arisen seas.
Two Parameter (1967)
—RBy Y
S (0) = A-Bu~%e™2" (69)
where A =10.25 Hl/3‘
B
B = (0.817 2%
T
H =

1/3 significant wave height (=2.0a1/3)

T

mean wave period

This spectrum is usually used in conjunction with "opserved"

wave height and period, which are then taken to be the significant
height and mean period. This spectrum is similar to that adopted
by the I.S.5.C. (1967) as "nominal", except that it is expressed

in circular wave frequency instead of frequency in cyclec per
second.

S YRETRE TR SIS AR e T
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Uni-Directional Spreading (Long Crested Seas)

This is obviously:

3 Sz(u) = 5(r) (delta function) (70)
4 Cosine-Squared Spreading
S,(u) = 2 cos?y (71)
2 ﬂ

AN, X

A e e

Responses

All of the motions and moments calculated are considered
to be linear and the principle of wave superposition is assumed.
Thus for each response a spectrum is calculated by:

RN L

2
Si(wlu) = [‘-I‘i(w,u)] S (w,n) (72)

L T S

where T. (v,u) = response amplitude operator (amplitude of response
per unit wave amplitude)

Gl b e I

We then have, similar to the wave amplitude:

fieuts g ke Wi 47 i,

o s

2
EIT = Si(w:u) duw du

0 T

"3 1
2 i
n
, > ® \ 7
= Sz(u) El‘i(m,u):l Sl(w) dw] du (73)
-“ o
2

1
3 where ai2 = mean squared response amplitude.

Egs. (63) ~ (66) then apply to each response.

D. Non-dimensional Forms

Frequency parameter: at = —H

mmu{ -A.vrlmmm“fﬂx“&n el )

i
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Non-dimensional linear motion (heave, sway): motionaamplltude 2

Non~dimensional angular motion motion amplitude
(pitch, yaw, roll): 21a/) |

FTTHTYE TSI T WA

RAkan

: Nen-dimensional moment: BMz(OrBMy or T™,)
og B;Lzé

o

Non-dimensional shear: §B§§£—£%£EE
g BaLa

IIT. PROGRAM ORGANIZATION

LR LW DT, T P

A. General

E In general, the SCORES computer program has been arranged

1 and organized to both keep a) the coding simple and flexible (for
possible future modification) and b) the running times low (for

3 obvious reasons). Thus, precision of computation has not been of

3 major priority in program development. This approach is considered
reasonable at the present time because precise correlation (to

E less than about 5%) with independ2nt data (model or full-scale ex-
, periments) is not envisioned, and the theoretical analysis itself

is an approximation. ;

SN,

s i koD

Aside from the actual ¢oding and data structure in the p
. program, which will not be discussed here (see Appendices A, B F
E: and ¢ of this report), this approach manifests itself primarily
£ in two aspects. The fir=: is the precision with which the local, or
two~dimensional, sectional adled mass and damping characteristics
or properties, are caiculu.=d. For vertical oscillation, the method
of Grim* is used. For the two-dimensional propzrties in lateral
and roll oscillations, the method of Tasai** has been programmed.
¢ In general, these methods can be carried out to increasing degrees
7 of numerical accuracy. For practical purposes of keeping running
time reasonable. these calculations have been limited. For example
z in the lateral and roll ccsoputations, the infinite series of terms
3 representing the velocity potential is truncated to nine terms
and only 15 points along the Lewis form contour are used for least
square approximation purposes. While the full range of section
properties and freguencies has not been explored in detail, results
on the order of 1% accuracy or better are obtained fer average

sections over a wide freguency range.

L 2 L e i

L

GEL 0L et t prnimid
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¥ Grim, O., "Die Schwingungen von schwimmeden, zweidimensionalen
Korpern," IHSVA Repcrt No. 1171, September 1959.
Grim, 0., and Kirsch, M., private communication, September 1967.

**Tasai, F., "Hydrcdynamic Force and Moment Produced by Swaying and
Rolling Oscillaticn of Cylinders on the Free Surface,"
Reports of Research Institute for Applied Mechanics,
Kyushu University Japan, Vol. IX, No. 35, 1961
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The second aspect of program crganization is related to the
above. While the computations of the two-dimensional properties
are limited as described, they still are relatively lengthy. That 1
is at a particular condltxon of ship speed, wave angle and wave 3
length, the bulk of the computation time would be devoted to these
calculations rather than the formation of the coefficients,
wave excitation, solution of ship motions and the resulting
calculation of applied moments. Therefore, it was decided that
rather than calculate for each frequency at each cross-section
the above mentioned two-dimensional properties, instead the two-
dimensional properties are calculated first at 25 values of .
frequency over a wide range and then interpolated (or extra-
polated) for each subsequent frequency. The results of the initial
calculation over the frequency range are saved in the computer ' 3
memory for the calculations at hand, and can also be saved on a ;
permanent disc file (or magnetic tape storage), for later usage. 5
In chis way, a large range of ship speeds and headings can be run, A
each over the appropriate frequenrcy range, without excessively‘ 2
: high runnins times. The interpolation procedure used is a , :
B six~-point continued fraction method which gives results that are
generally well within 1s%. \

it

ded s X i Pty A I R g X 2
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In other respects, the SCORES program is organized in a .
E fairly straightforward manner. The input consists of:

S PRSP T T

3 a) basic data which specify the hull form and weight i
\ distribution and

- b) conditional data which specify the speeds and wave
¥ parameters. : ' :

Repeated sets of conditional) data can be run with the same basic
data, that is, for the same defined ship. A fair amount 'of input’
data verification is incorporated into the program.

L
3
3
a

B. Restrictions

The main restrictions in the program concern the following
items:

Maximum no. of ship cross-sectionS..........21
(stations 0 to 20)

ST P T}

Maximum no., of wave angles (in one runj.....25

Maximum no. of wave lengths (in one run)....51

i
Gl kit 00 i DRSS 80,2 5 AR et B .,

Maximum no. of sea states (in one run)......l0

&t g

The core storage regquirement is about 25,000 cells as _
compiied on the CDC 6600. This includes the program instructions, $
data storage and system routines to handle input-output 'system :
control and provide mathematical functions. It would be possible
to decrease this core requirement via program overlay and
linkage technigues, should the need arise. However, it probably
would be relatively difficult to £it the program within a 12K
core regtraint.
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The word length on the CDC 6600 is 60 bits. No loss in
overall computational accuracy would be expected if this were
reduced, as in other digital computers, to 36 bits.

A special system subroutine called DATE is used which

provides the current “ate. This is used only in the heading on
the output.

C. Running Time

The following approximate times are for running under the
SCOPE operating system on the CDC 6600 computer.

Program compilation (RUN compiler)..........10.0 secs.
Program loading into core...ceeeeseeeseces.. 1.0 secs.

Calculation of 1DP* Array (21 sections,
both vertical and lateral modesS)..ceeseees 25 secs.

Calculate motions, moments at one condition,
(21 sections, both vertical and lateral
modes).0..‘...0.......Q........l...-00.0.. 0014 secs.

Calculate spectral response, for each
spectrum, for each condition.....ees..... 0.006 secs.

Thus, for a run with two ship speeds, 7 heudings (at 30° increments
from head to following seas), 21 wave frequencies (to adequately
cover the spectral energy bands) and 5 sea states, the incremental
time once the program was compiled, loaded and the TDP Array was

., calculated, would be estimated as follows:

(2) (7) (21) [0.14+(5) (0.006)) = %0 secs.
IV. DATA INPUT

This section of the manual describes the details of data
card input to the SCORES program.

A. Units

For calculations in regular waves, there are no inherent
units aseigned to any of the variables in the program. Thus, the
user is free to choose any desired set as long as they are
consistent for all input parameters. The units are established
by the input values of water density and gravity acceleration.
Some typical units are shown below.

*Two-dimensional properties
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: Water Density 1bs./cu. ft. tons/cu. ft. metric ton/cu. %
3 meter k
3

3 Gravity Accel. ft./sec.? ft./sec.? meter/sec.? '
- 5
: Resultant Unit ft.-1lbs.-sec. ft.-tons-sec. | meter-metric 1
’ System ton-sec. ﬂ
s 3
f 3

{ Wave direction angles are always specified in degrees,
rather than radians.

ol

However, for spectral calculaticns in irregular waves, using
either the Neumann or Pierson-Moskowitz spectra, the SCORES pro-
gram assumes ft.-sec. units, full scale. The input wind speeds
used to specify spectral intensities, or sea states, are then
assumed teo ke in knots.

CHOKIE puy s

MY e Ml a7 2B

The following input data description indicates typical
consistent units for all parameters, ©Other systems of units
‘could be used, as noted above.

L e N mi x5

4 B. Data Card Freparaiion

Every data card defines several parameters which are
required by the program; each of, these parameters must be input
according to a specific format. "I" format (integer) means that
the value is to be input without a decimal point and packed to
the right of the specified field. "F" format (floating point)
requires that the data be input with a decimel point; the number
f can appear anywhere in the field indicated. "A" format
1 (alphanumeric) indicates that certain alphabetic characters or
: title information must be entered in the appropriate card columns.

If the field is left blank for either "1" or "F" format,

3 a value cf zero (0) is sssigned to the parameter. Thus, parameters
not required by the program for a particular problem need not be
specified.

The card order of the data deck must follow the order in
3 which they are described below. Cards which must bhe present in
every run, regardless of options, are marked with an asterisk (*).
The first eight types of cards are considered the basic data set,
while subsequent caxds are the conditional data set(s).
H
3 1) Title Caxd (*)

v 7, - g .y v o,
U2 L Sl N SN e v i . AR A

- Zolumns format Entry
' k
;e 1-890 A ny alphanumeric title 2
. & information, used to label 3
2 job output 3
3

Ly
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The first 30 columns are used a3 a label for the TDP array fiie.
: Thus, subsequent runs using the file must duplicate these first
- 30 columns which are then checked against the file label before
1 using the data. This avoids inadvertent use of an incorrect
2 TDP file.
E 2) Option Control Card (*) f
i
: Columns Format Entry 2
3 1-2 I Integration option control tag k
3 3-4 I Moment option control tag 3
3 5-6 I Mass dist. option control tag 2
: 7-8 I Wave spectra option control tag k
3 9-10 I Degrees of freedom option control tag 3
E 11-12 I Directionality option control tag 3
: 13-14 I TDP £ile option control tag El
1 15-16 I Moment closure option control tag %
3 17-18 I Output form option control tag 3
: 19-20 I morsion axis option control tag
] 21-22 I Number of ship segments
-
E Each opticn control tag is given a value of 0, 1, 2 or 3
- where the meaning of each is given in the table below. The last
' entry of the card, the number of ship segments, corresponds to the
3 even number of equal length segments, or strips, into which the

ship hull is divided lengthwise for purposes of calculation.

OPTION CONTROL TAG INTERPRETATION

Letter Tag
Code . Descriptor Options Available

A 5 Integration | 0: Simple summation
' 1: Trapezoidal rule

L

summary mass properties
1l: Calc. motions only, use
rags dist.
: 2: Calc. moments, use mass
! dist.

| ;
i B ] Moment 0: Calc. motions only, use

. c Mass dist. : Input masses
: Input weights

! Wave spectra| 0: Regular waves

: 1: Neumann spectra

. 2: Pierson-Moskowitz spectra
! 3: Two parameter spectra

(continued on next page)
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OPTION CONTROL TAG INTERPRETATION, Continued
: Letter Tag .
3 Code Descriptor Options Available
: E Degrees of 0: Vertical plane only
2 freedom l: Vertical and lateral plane
] 2: Lateral plana only
é F Direction~ 0: Uni-directional waves
4 ality : Cos-sq. wave spreading
? G ' TDP file : Generate TDP file, write
E : on file (Tape 10)
: ¢ Read TDP file, (Tape 1lU), print
1 out TDP data
i 2: Read TDP file, (Tape 10), no
3 print-out '
2 H Moment 0: Suppress closure calcs.
3 closure 1: Ccalc. and print out
1 closure results
{ 1 Output form 0: Dimensional

1: Non-dimensional
J Torsion axis 0: Center of gravity
: Waterline

3) Length Card (*)

Columns Format Entry
11-20 F Ship length (ft.)
21-30 F Water density (tons/cu.rt.)
31-40 F Acceleration of gravity (ft./sec.?)
41-50 F Ship displacement (tons)

The entries on this card are self descriptive and determine
the units to be used for all other parameters, except as noted
earlier.

4) Hull Form Cards (*)

Columns Format Entry
1-10 F Section waterline breadth (ft.)
11-20 F Section area coefficient (-)
21-30 F Section draft (ft.)
31-40 F Section centroid (ft.)
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One card is used ror each section to be specified, in order
along the ship length starting at the bow. For example, if the
5 number of segments is 10, and the integration option tag is 0,
: then 10 huli form cards are required which correspond to the hull
at stations 1/2, 1 1/2, 2 1/2, ..., 81/2, 9 1/2. 1If the
integration tag is 1, then 11 hull form cards are required at
stations 0, 1, 2, 3 ..... 9, 10,

- The entries for sectional waterline breadth, area coef-

3 ficient and draft are straightforward. The fourth entry, the

3 section centroid, is measured downwards from the waterline , If

no entries are given and the centroids are needed for lateral 3
plane motions calculations, arproxircte controids are then K
calculated based on the area coefficient and draft (using a two- 1
dimensional version of the Moorish Approximation).

5) Lateral Plane Card

T, (TR TR, T

E Columas Format Entry

: ]

3 1-10 F Ship vertical center of gravity (ft.) 7
11-20 F Radius of gyration in roll (fi..)

PErET

Y

This card is used only if the degrees of freedom opt*.ion
tag is 1 or 2, indicating lateral plane calculaticns. The ship
vertical c.g. is measured from the waterline, positive upwards.

Sk ot

.

6) Summary Mass Properties Card

Columns Format Entry
1-10 F Radius of gyration, longitudinal
(ft.)
11-2v F Longitudinal center of gravity
(ft.)

Trhis card is used only if the moment option tag is 0.
The longitudinal center of gravity is measured from amidships,

positive forwards.

7) Secticnal Mass Properties Cards

Column Format Entry
1-10 F Segment weight, or mass (tons,
or tons-sec?/ft.)
11-20 F Segment vert. c.g. (ft.)
21~30 F Segment roll gyradius (ft.)

These cards are used only if the moment option tag is
1 or 2, in lieu of the summary mass properties card above. One
card is used for each section to be specified, in a similar
manner as the hull form cards described earlier.

The first entry on each card is the segment weight, or
mass, depending on whether the mass dist. option tag is 1, or 0,




TR T TR TR T e e i i s T

27

respectively. The second entry, the segment vertical center of
gravity, necessary only for lateral bending moment calculations,

is measured, positive downwards, with respect to the ship's over-
all vertical center, as specified on the lateral plane data card
above. Since it is required that the vertical mass moment
integral satisfy the specified overall v.c.g., the input segment
v.c.g.'s are shifted by an equal amount, up or down as necessary
to exactly balance the vertical moment for the hull. This
minimizes the effort required to obtain precise balance in input
data preparation. The third card entry, the segment roll gyradius,
is needed only for torsional moment calculations. If no entries y
' are given the overall ship value is used at each segment. a

v
3
Y
4
i
A
3
5
3
=
E
3
-

AT KT

ol Lark:
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8) Moment Station Card (*)

Column Format Entry 3

;
E 1-10 I First station for moment calculations ;
A H 11-20 T Last station for moment calculations

i 21-30 1 Increment between stations

The parameters on this card determine where along the ship
hull the moment calculations are to be performed. Station numbers
are defined as zero at the forward end of the first segment,
increasing to N, the number of segments, at the after end of the
last segment., If the calculations are required only at one station,
then the first two entries on the card snould be equal to that
station number.

L s ot T

o DA AT

The moment results at only one station are stored for
subsequent irregular seas spectral calculations. In the calculations
over a range of stations at which moments are calculated (and
printed), then only the results at midships are stored for the
subsequent spectral calculations.

9) Run Control Card (*)

il 1,

Columns Format Entry
] 1-10 F Run control tag and wave 3

e

amplitude (ft.)
Initial wave length, or
frequency (ft. or rad./sec.)

11-20 F
21-30 F Final wave length, or frequency
¥

(ft. or rad./sec.)

31-40 Increment in wave length, or
frequency (ft. or rad./sec.)

41-50 F Initial ship speed (ft./sec.)

51-60 F Final ship speed (ft./sec.)

61~70 F Increment in ship speed (ft./sec.)

3 The first entry, the xun control tag, determines program
: continuity:
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Run Control Tag Action

Greater than 0.0 Continue calculations, using this as
wave amplitude

0.0 (or blank) Stop calculations; read new basic
data set

Less than 0.0 Stop program execution

Thus, if the run control tag is not greater than 0.0, then
the remaining parameters on the card are irrelevant. A blank
card, for example, is used to stop calculations and proceed to
read a complete new set of data starting with the title card ,

1) above. This parameter is also used as the wave amplitude, and
is usually set to 1.0.

The next three entries determine the wave lengths to be
used in the calculations. If the wave spectra option control tag
is 0, indicating regular waves, then these entries are the initial,
final and increment in wave length. If the wave spectra option
control tag is greater than 0, indicating irregular wave calculations,
then these entries are the initial, final and increment in wave
frequency. The increments should always be positive, so that wave
length, or frequency, increases from initial to final value.

The last three entries sre similar parameters for ship speed.

If calculations are required at only one value, then the initial
and final values should both be set equal to it.

10) Roll Damping Card

Column Format Entry
1-10 F Fraction of critical roll damping

(empirical data)

This card is used only if the degrees of freedom option
control tag is 1 or 2 indicating lateral plane motions calculations
are included. The calculated wave damping in roll, at the natural
roll frequency, is increased so that the total damping is the
specified fraction of critical damping. The additional roll
damping thus determined initially is then used fox all subsequent
calculations.

11) Wave Angle Card (*)

Column Format Entry
1-10 F Initial wave angle, degrees
11-20 F Final wave angle, degrees
21-30 F Incrament in wave angle, degrees

These entries specify the wave direction angles to be used
in the calculations and are always given in degrees. For
calculations with uni-directional waves, the meaning of the
parameters is as indicated. If the dirxectionality option control
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tag is greater than 0, indicating calculations for a directional
wave spectrum, then only two choices exist. If the initial wave
angle is 180.0 the calculations proceed for head seas only,
including the wave directionality. If the initial wave angle is
not 180.0 the calculations proceed for all angles from following .
seas to head seas, in steps according to the wave angle increment :
specified.

b g e AR A

In both cases the integrations with respect to wave angle
use the same increment, as specified.

12) Wave Spectra Card(s)

Columns Format Entry %
4
2 *
3 1-10 I No. of sea states (wave spectra) 3
3 11-15 F First spectra parameter
16-20 F Second spectra parameter
3 21-25 F Third spectra parameter
3 (5 col. ]
4 fields) F : E
b 56-60 F Tenth spectra parameter 4
4 This card is used only for calculationsin irregular seas 3
2 (wave spectra option control tag is greater than 0). The first I
3 entry specifies the number of sea states (spectra) to be used 3
' (maximum 10). For both the Neumann and Pierson~Moskowitz spectra r

3 (wave spectra option control tag equals 1 or 2), the parameters
3 to be specified are the wind speed, in knots, for each sea
state. For the two parameter spectrum (option tag equals 3),
tie parameters on this card are the significant wave heights

; for each sea state. A second card is then used which contains
& the mean periods for each corresponding sea state, as the
spectral parameter entries specified above.

C. Sample Input Deck

S I PRAL

: A sample input card deck listing is given on the next
3 page. The units are meters, metric tons and seconds.

Bt e

e onamabeg

V. PROGRAM OUTPUT

N A. Description

The printed output from the SCORES program depends on the
option control tags set as input. Each output section will be
3 described, though in any given run not all sections will be
: printed. Each section starts a new page and is labeled with the
title information and date.

The first part of the output is a listing of the basic
input data as processed. This defines the hull form and weight
distribution. Then the conditional data cards are printed out.
For irregular seas cases, the wave spectra will then be printed,
> together with internally generated wave statistics. If the TDP
’ array is calculated diagnostic messages concerning these
calculations may then appear.

R e e L
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The next output will be the listing of the two-dimensional #
properties (TDP array) for each station and each frequency. If P
the data is being read from file, this output can be suppressed. 4
3 For lateral plane calculations, the natural roll frequeacy and j
3 roll damping information will then be printed. ¥
: 4
= K|
¢ Then, the vertical and/or lateral plane responses will be %
: printed out with all frequencies, or wave lengths, for a given 3
3 ship speed and wave angle, on the same page. For irregular seas 2
2 calculations, this will be followed by a print-out of the %
3 response spectra and statistics (long crested seas). These pages :
3 will be repeated for each wave angle at the initial ship speed. 5
3 Then directional seas calculations results will be output, if j
3 specified. The output is, of course, then repeated for 4
3 additionally specified ship speeds. b
5 ]
3 B. Sample Output §
3 A sample output listing, in abbreviated form, is given 3
following the sample input listing. ;
3 Sample Input Card Deck Listing E
3 SERIFS 60 HULL FORY, 0410 oLuCt (TND HPT, Nny 100 5) OCEANICS PRNIECT vO, 1093 3
L 121310111 12 3
2 19340 1e008 Y,HO6H5  4H12644 3
= H 00,00 oh 00 3
14,39 WAl2 11.03 3
E 22488 WAvs 11.01 g
E 26458 929 1193 E
4 27.56 70 11.0)
. 21,57 T Lavi 1193 3
27457 LTS 11.03 K
27157 +ve 11403 5
; 21457 9ye 1113 3
a3 21457 1T} 11.63 3
X ! 2157 | L99s 1103
3 ' ‘21,57 9% 11.03 3
.38 27457 997 11403 3
E 27457 o989 11.03 4
3 2757 +JOR 11.03 3
3 27,24 $921 11403 :
k- 25,94 RS0 11.03 .
E 23446 759 11403 i
B 1963 N2 11403 4
e 13.87 419 11,03 z
g 406 53 1e10 3
>3 «ls09A5 A.9h025 y 3
13 260,06 3
A -‘9‘03 - h ot o ::3
N 1203,2 3
X '2406,3 . 3
‘ 3850,1
a0v0,7 L3
E 4331 .4 e e . < 1
3 T3 - T 07 S R
i 3368,8 s ,i
168a,0 ; P
s 1684,4 ,}.
- 1643,8 L
£ 2195,8 e e e o . 3
7 3290,7 o e .- - 1
: 3833,8 |
¥ Jabs, t 4
2 3166,3 B ‘;
E 1988,1 ¢ %
- 21,9 —— - - N
X" v s S kT P o
3 120,3 .3
-3 SRR VI T N, 1 : - i 7
- 10 043157 149079 0,n851 &,5257 68,9257 140 B )‘
E ‘010 - b
4 1040 17u,0 200 :
}: === - "l‘ “, oo s - T TR om mEmRme mmse - - 5‘
10,0 2
A =140 o

Frods
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Sample Input Listing

OCEANICS PROJECT NO. 1093

SEP 24+ 1970

OPTION CONTKOL TAGS = & + € O E F G W 1
il R 2 T T R T T e S | - nDo OF STATIONS = 20
BASIC INPUT DaTa
LENGTH = 193,00 NENSITY = 1.,025000
DISr.e » 41126,40  GRAVITY a _ 9,806650
STATION  Hbam AREA COEF, DRAFY LeBAR wElGHT 2€Ta GYRJROLL
0,00 0,0000 0,0000 0,0000 60,0007 240,6000 0,0000 04,9602
1,00 14,3900 +8720 11,0300 5,044, 81,3000 0,0000 849602
2,00  22,An00 +A940 11,0300 55,1251 1203.,2000 0,0000 8.9602
3,00 26,5800 «9290 1140300 Se754n 240643000 0,0000 849602
T 4,00 27,5400 T .9700 11.0300 " 5,4045 "3850,100077 0,0000 ©8,9602°
5400 27,5700 «9910 11,0320 S.481n  4090.7000 90,0000 8,9602
6,00 27,5700 29940 11,0300 5.4920  4331,4000 0,0000 8,9602
7,00 27,5700 29940 11,0300 55,4927  4331,4000 0,0000 849602
o060 27,5700 «9940 11,0300 5,4920 336848000 0,0000 849602
9400 27,5700 «9940 1140300 5.4920  1684,4000 0,0000 849602
TUIDGD0T 27,6700 TT.9940 11,0300 S.40920  1684,4000 0 T 0,0000 7 B.9602 "
11,00 27,5700 20940 11,0300 5,4920  1443,8000 0,0000 8,9602
12,00 27,5700 +9930 11,0300 5.,48699  2195,8000 0,0000 849602
13,00 27,5700 9690 11,0300 SeaTée  3290,7000 0,0000 84,9602
14,00 27,5700 49680 11,0300 5,397 3633,6000 0,0000 8,9602
15,00 27,2600 29210 11,0300 §,2264x  3465,1000 0,0000 849602
“16,00 29,9600 JASI0 11,0300 T 4,9675 314643000 "7 0,0000 8,9602°
17,00 23,4800 L7580 11,0300 4,025 195541000 06,0000 849602
T 18,00 19.s300 «6210 11,0300 4,143, 72149000 0,0000 8,9402
19,00 13,8700 4190 11,0300 343780 481,3000 0,0000 08,9602
20,00 4,4100 +5300 1.1000 3777 12043000 0,0000 8,9602
06 = =1,099 GYRARTUSIROLL = = B.950 T

CALCULATE MOMENTS AT STATION 1O

OERIVED RESULTS

rISPLe(NTSe) = 48126450
~CONG "CoRe™ %~ T TI1RTIFI0: OF ¥IDSHIPSY - AISPL, (VOL) o 48077,53 -
LONB, CeGy = 4,825 (FWD, OF MIDSHIFY) LAMB, GYPADIUS = 46,159 [

SERIES &0 . . FORMy O HD RLUCK (TNO KPT, NOe 100 S) OCEAMICS PROJECT NO. 1093

CONDITICNAL INPUT DATE CARP PRINT QUT -

1.0000 « 3157 1.3679 <0451 6257 6,5257 1e0000
«1000
T 10,0000 170.0000 20,0000

1 8,8 =040 =040 *0eU =00 =040 =00 040 =040 =0,0

T TN 0 =0 TED 0 S0y =0e0 ~040 0,0 4040 #0400 =040

SERTES AN wWuLl FORM, N,R0 HLOCK (TNO RPT, nOs 1

WAVE SPECTRAL UENSIIY, Tw0 PARAMETER,

00 S} OCEANICS PRNJECT NO, 1093

ISSC 1967 SPECTHA )

SIGWHT.  H,400
uN,PER, 10,000
SPECTRA NO. 1
wAvL FREQ,
S TMe T UTTRET T Tt s = s mem om e

361 3,328
406 R,b610
451 12,2564

\+496 12,954
541 11,783

=T LGRET TTTUGLb2e T semsem e = es s e

«631 7,886
o67h k2068
44 Bt 14173 533
o787 3,182 1.21A o443
812 2,961 1263 371

e+ SRt <+ 1.30h 313 e = -
«902 1.847 R - - g [
1987 1ea78 " NS ST 4238
+992 1,186 HeboSe 2,013

1,037 .961 Ave, 2,539

1082 JTHa S516Ge s.186

1121 - leek Avi/io 5,277 - -

1.378

SFP >ar 1970

SEP 240 1570

N
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VI. ERROR MESSAGES

Various error messages may appear in the output and cause
program termination. Each will be labeled with the subroutine
t which found the error, and possibly a brief note as to the type

TS AR S T

of error. Some messages give error numbers as explained below:

P Y IY

g Subroutine Error No. Explanation

19

2 PRELIMB/C 0 Too many sections, wave

3 lengths, wave angles, etc.

- PRELIMB 1 Sum of weight distribution#

E displacement

1 PRELIMB 2 Hull volume inconsistent

% with displacement

] PRELIMB 3 Longitudinal center of

) buoyancy # long. center of

3 gravity

- PRELIMC 4 Error in range or increment
of variable conditions

PRELIMC 5 TDP calculation incomplete
A PRELIMC 6 TDP file lable # title data,
3 col. 1-30

Errors in the calculation of the two-dimensional properties
will be self explanatory. However, if an error is found in the
energy balance check on the results of the two-dimensional lateral
motion calculation the message is printed, but computations proceed.
It has usually been found that such errors in the energy balance

check have little influence on the calculated two-dimensional
properties.

e
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APPENDIX A <« PROGRAM DESCRIPTION

i

The SCORES program, written in FORTRAN IV (RUN Fortran

Version 2 under SCOPE Version 3 for CDC 6600 computer), is
structured in a fairly conventional manner., The main program

= serves as a control for the job processing, calling various
subroutines as required. The major program loops over ship speed,
wave angle and wave frequency are established in the main program.
Data are transferred among subroutines via labeled common blocks, k
each subroutine accessing these blocks specifically required., A ;
special comwon block labeled PROGRAM is used and shared by many 3
subrout*ines for storage of intermediate calculation data. 5

S -ty

T

"F

T

Subroutine PRELIMB reads, processes and stores the basic
input data. Preliminary calculations are perforred and the data
are checked to some extent for self-consistency. Subroutine PRELIMC
reads, stores and processes the conditional input data. Preliminary
calculations are performed including spectral density calculations
and print out (via Subroutine PAR) if required. Then the two- ;
dimensional properties are obtained, either read from file or :
calculated via Subroutines CKLEW, 2IPSMO and TDLR.

IR RT T TR
e

Subroutine CKLEW simply calculates the two Lewis form
parameters for each section and checks them against criteria to 3
E. insure positive contours. If necessary, the section area coef- )
3 ficient is increased to satisfy the criterion. Subroutine ZIPSMO
calculates the two-dimensional properties for vertical oscillation,
while Subroutine TDLR does the same for the lateral and rolling
modes. The latter routine follows both the method and the notation
of Tasai. Subroutine MATPAC is used by Z2IPSMO for solution of
simultaneous equations.

RIS

(g i ot

If lateral plane computations are required, Subroutine ROLD
is used to calculate the natural rell frequency and the additional
roll damping, to approximately account for viscous effects.

The basic ship response calculations at a given condition
are performed by calling Subroutines ALINT, COEFF, EXCITE, “OTION
and BENDSH, sequentially. Subroutine ALINT finds and storas the
2 value of each required two-dimensional property by continued
3 fraction interpolation in frequency parameter (equal to circular
frequency of encounter squared times draft divided by acceleration
of gravity). Subroutines COEFF and EXCITE calculate the coef-
ficients and excitation, respectively, in the equations of motion;
which are then solved in Subroutine MOTION. Subroutine BENDSH
then calculates the local loadings and integrated moments. Closure
4 results are calculated, if required. Throughout all the calcula-
4 tions, subprogram function SINT is used as a simple integrator.

The ship responses «t each speed and wave angle are printed
out by Subroutine TNIRPA, including closure results if required.
If irreqular seas are used, Subroutine STATI then c:’~ulates and

Jowp Bt gy Rl
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prints the response spectra and statistics for long crested, or
uni-directional, seas at the particular ship speed and wave
angle. Only the integrated spectral response at each wave angle
is saved, so that the response spectra for short crested seas
are not available. For short crested seas results, Subroutine
SPREAD is used after the full range of wave angles has been
depleted. The integrated responses over wave angle are computed
and printed.

After completion of the specified calculations, control
reverts to Subroutine PRELIMC for additional cases with the
same basic data, that is, the same ship. If no additional
computations are required, normal program termination occurs in
Subroutine PRELIMC upon input of a run control tag less than 0.0.

Only one special system subroutine is included in the program.
This is referenced in the main program by CALL DATE (DTA, DTB)
which provides the current date in the argument variables as
Hollerith data (DTA = MMMbDD,bl9,DTB=YY).

Program SCORES - Input Data Card Summary

Conditions
Card (see legend Format
Number below) Parameters Entered (& Columns
1 * Title information A80
\
2 * Option control tags; number of
segments 1112
3 * Length; density; gravity; displace-
ment 10X, 4F10
o ¢ * Breadth; area coeff.; draft;
s centroid (each station) 4F10
o
o 5 OT (E)>0 VCG; roll gyradius (ship) 2F10
-~
s 6 OT (B)=0 Long. gyradius; LCG 2F10
7 QT (B)~0 Welght; VCG; roll gyradius (each
station). 3Fl10
8 b First sta.; last sta.; increment
for moment calcs. 3110
9 . Run control tag; initial, final and
increrent in wavelength, or freq-
quency; initial, final and incre-~
ment in speed 7F10
o
§ 10 OT12)>0 Fraction of critical roll damping F10
~l 11 * Initial, final and increment in
g wave angle 3F10
o
E 12 OT(D)>0 No. of spectra; parameters.... I10, 10FS
L
s OT(D)=3 Additional corresponding parameters|l0X, 10F5
Q

Legend fox conditions: * = always necessary in data deck.

oT(-)%- necessary only if Option Tag indicated
meets condition shown.
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‘ APPENDIX B - FLOWCHARTS ) §
k|

i

Flowcharts follow for the main 3
program and each subroutine., The .
references given on the flowcharts, 3
such =8 C-0l1 etc. (above and on the i
right of the symbolic¢ outlines) g
correspord to numbered comment cards 4
included with the FORTRAN source- )

program, and listed in the next

appendix. g
2

3

5,
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FLOWCHART FOR MajN BBAGRAM _ _ _  _ _ 3
E
sssvsssecenss
o FNTRY , T 3
- . __ e mamee e m—— ——— e e - DU g
. E:
N s
: o - E
B + 3333533333333 3>>33>¢ PIPP3333P33333>34LCCLCCLLCLCCC
¢ . + ¢ (=04 s~ 4 T=0A - 7
R + L . A.""""""' . . .
LR n T UGFT . . . CALEC FRFY .
QFADe PRACESS AND STORE * . . TOP ARRAY . L - NFOFNNENT . - 4
RASTC INBUT DATA ~ ~ + 4 . UBAGF [INITS . . PARAMFTERS . . :
$ hd hd eesesseeasssecsss + R . A
»> * & + L
. . i * . . ;
* . T e, b * * - -
_ sssscscss 4 @ e ., . . - 3
hd * . * CALC ., MO . OFPFODM CRLCHLATIONS AT o E:
& CALL PRFLIVME @ . . ®, MOMT ALONG ,®3>3>>4 # FACH WAVF FOFOUFMCY ANN o k
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e e

The complete FORTRAN IV source deck
listing for Program SCORES is given.
The numbered comment cards, such as
C-01 etc., are cross-referenced on

the flowcnarts in the previous section.

E APPENDIX C -~ LISTING

laa ot & £ Ll

PRNARAM  SCORES (INPUTOUTPUT TAPESSINPUT TAPESSOUTIUT«TAPELD)

covvon /7 108123428¢10)
f COMMON 7 CONDA 7 B]o@AMNA VRO
COMUON 7 WHDT 7 HDAC14)10TADTIB I0¢ICII00IEIF o284 Iuall,1Je8TS(S)
COMMNN 7 BASDA / BPL+DISPLITMASS s YNERT+BSTAN(2])) JARPA IR )¢
x SECOE(21) oORAFTI21) o Z0ARIZY) o XD (213 0X180:8Y) 0
] OWETOM(21) JDNASSIZN) oZWTL2Y)oORLI21) 1 TCOCANERT,

XIPERT @My MINKR] JMARKA] ¢ INCRES 1 ROLNPF

COMMAN 7 CASOA / MWoONW(SY) s WVL (151) ¢OMWES1) ) VMINIVEAKIOZLY
X NUASWAD (283 ¢ WANST s wANGA sOVARS I NUI w0 (203 owLL 131}
enMank /7 TOIR /7 VEWENIANS (213100 ¢KLoKUI IOV
coNugy 7 Wiwp / ums-ouov.um-outuumuucnohtn'h.ucou

pr bl b g L VL e

ol otk

0ATA STS/GMMN. SReAHRMIS.o0MAVE. +ONSTBs  (0HAVINIO

¢

¢ o0 o <PECIAL SYSTEM SUBROUTINE wHICK RETUANS CURRENT DATE oo oo
CALL DATE (FTASDTM)

Ce0) MEIN, BROCESS AND TTORE INPUT NATA
calL ntLlua
LLIN-7 18} LI
1F ¢ l!.l‘l’.n ) CaLlL ROLD

€02 INITIALIZE SWIP SPEED
¢ V & yuln

C=03 1 00P OVFR wAyE AsgLE RANGE
A0 0O 9 Twelined
wANA & WADLIN)®A1/1R0,0

MUY s e ik B

Ceo04 oY YOt ARRAY UAAGE LINITS

YL e}

171 1€ 0T, 1 ) AL =)

vy e 10

1F ¢ 1€ LT, 1 JONe ANOD/WADIIW) 5100014800040 1 X m 2
. 17 ¢ JH.ALT.2 LOR, MAXKAI EQ,mINKRI ) Q0 TO 70

PRINT $204nDA0OTALDTE

PRINT 9214 vewAN (W)

k- IF 1 I1.F8.) 1 PRINT 92s

C snfur 923

ks

C=08 00P OVER wavE FRCIVENCY RANGE
1A PO An T0w] ol
OufAs o Oust{lQ)
WAVEN w ONEGASONEGA/BRAY
wiL(70)m 2 1/9aVEN
wit €10) » wyL (10)/78PL

C=0A CALCULATE FREQUENCY PARAMETERS
Cv » SRAV/OMEQS
w? u WAVEN®(CrevelOSivang))
Cuwr 10} & ol
w/N o wZowl/dRAY

PROABAY  SCORES (INPUT.QUTRUT, TAPZSRINPUT TAPTAUOUTOUT.TAPEY D)
{CONTINUED)

Ca07 PFPFARY CALCULATIONS AT LACWH FREQUENCY
CALL ALINY
caLL COFFP
E ¢aLy gxcire
E CALL HMOTION
17 ( 18.LT.2 } QD T0 &0
CALL AZNOSM
- RO CONTINUF

C=08  ORInT GUT RESULTS FOR THIS SPEED AND WAVE AnOLE
caLL TNINPA
17 ¢ ID.EQ.N ) 00 10 %0
FAC o (11,07(018PLAARLI~] 0101001 ,0)002
caLy STAT]
- M eANTINUE
4 1F ¢ IF,LT7.1 3 AO TO 100
CaLy SPRfar

C=00 INCOFMENT SnIP JPLED
100 v ®» yeOFLY
IF (@ VoLE,YMAR AND. VMIM.NE,VMaR ) @0 TO o0
Ap T S0

. 920 FORMT (1]l 13844 A2e DX. A1, AD)
921 FOAuGY { WHASPEED o 4 FB,4, SXy IJHWAVE ANGLE ¢ .
g K F7.2s 310 UTG.o MONENT RESULTS )
S 923 FARUATY ¢ InBg 21Re SOMVENTICAL BEND MY, LATERAL AFNONT, p{.13 ]
™ TI0MAL MORENT 7 23W wAVE FREO,  STATION  , JiZoWhus_{ y0t  AwWase
1 [ 3]
924 TORAAT ¢ JWes 6aXs 1THINON-DIMENSTIONAL) )
)

—r s

™

= T AR ra S ot R b A D x e < oadh e atk s




s Lk

i

BATE T 7Ty

it TLE T

T T L s

aih

SUARAUTING PRELTMG

FOMBEN 7 COMNDA 7 PLoGANMAISRAY RO

ennunn 7 WHOT 7 wOA(LIA) eDTADTEIBoICHIDIIEIF o100 tNe 1T TJ08TS(S)
comuon 7 BASDA 7 BPLIDISPLoTHASSsYNERTBSTAR(21) sARFA (2130

H SECOE (21D «ORAFY (211 ¢2BARIZ1) o X1 (2]) o X1SO{2Y) 0
x OVEIOMIZ1) JOMASS(21) o 2uT (21) ¢ ORLI2]) ¢ 2CO XNERT,
x AIPENTOMIMINKRT s HAXXAT » INCALS ¢ ROLNPF

COMMON 7 WIMD /7 TAINSeOILoV WANGIOREOAINAVENICIIDIX (23 08) 9FACIVA
CONmON 7 PROGAAN 7 STORAGE(436) Y (213 eSTA (1) eW(21)

®! o 3.261592¢

12 v ¢

C~01 FAD (4ND PROCESS) BASIC InNeUT DATA

AP0 9014004

BEAD 9020 TARINICIIDVIE IR el0s TN 0T UeN

e wela

1F ( .G7,2) ) AO TO 98y

Nt e u

No 2 leleM

KTA(Ti & J=N.400(),0014)

BEAD 903y APLIGAMMALONAVIDISPL

READ  9n6, (ASTAN(])1SECOLS noon"(znnnuhl-hn
TF  704R({2) 007,040 +Ofs 1C,LT.) ) @0

00 % lelem

A ® (1.0

-

~

+0O3ECOL(2)) /60,0
OB ) A @ (.80
r'(!)OA
LN} LTel ) 60 70 12
SFAN th 7Ca.Ma08R0
12 IF tTR.GT,0 ) a0 T0 10
BFAN  Sne, RADOYR,COL
A0 Th 1
16 REAN 9nay (DSEI0M{I) s INTITIeORLLT) sRelu)eM)
TF 1 GRL(23.87,040 ,0Re JFLT.1 } 80 TO 1)
0o A Jele™
ARLIT} = RADGHO
11 @FAD 906 WINKRIMAXXRT(INSRES

> w

>

P02 SAFLIMINARY CALCULATIONS UPON BASIC INPUT DATA

WAunA/GRAY

1 ¢ L 90 10 13
TS » DISPL/AAAY
21(1) & (APL=(1«1A}00X])/2,0=COL
YNFRT m TMASSSRADOYAORADGYR
a0 0 17
13 D0 18 TejeM
IF ¢ 1C,8T.0 ) €0 10 14
NwElan(l) o DeEI8MI])edRAY
puARe(l) » ﬂillohllllllllv'ol!v
17 [ JAEQ.0 ) 80 YO
17 t 1.0Q,1 b'l!!(l) = DMASS(1)92,0
TF ¢ JLEO,M )} DUASS(M) o DNASS(M)e2,0
18 v11) = nuase(lyeil~1)
16 w(7) » DMASS(])®IuT(I)
TwaS & SINTLIA(M,0MASS,0R])
ISP & THASSeQRAY
¥I(3) & SINT(JA(MYoDX])ODXT/THASS
rOL o (APL=(]1=TAIOOXI}/2,0=X31])
17t JE,LT.1 ) @0 YO 17
WIS w SINT(IA(M,w,0X])
17 ENERY » THASSORADGROSRADGRD
ne Telw
ARfa(l) = BSTAR[I)GORAFT(I)eSECOL;]
vil) e amfRtl)e )
wil) o ASTAR({)1003/12,0-AREA(T)STIDAR(])
TI(l) @ X1{11=0X10({1-1)
18 TISA() o XI{DYOXI(D)
COIS = STNTIIAusAREASDRI) ®gammy
CAL a=SINTIIAIM,YOX])SOXTOGAMM,
17 ¢ 12,870 ) @M & SINT(TaeM,
TIPFAY @ 0o
7 ¢ 18,20.9 ) €0 10 20

.

“(1+14)90x1) /72,4
7¢0382¢a

€03 CALCULATE LONGITUGINAL WASS MOMENT OF [NERTIA

nNe 10 Jelem

1% v(I) = puaSS(lyexlsatl
YNFRY @ SINT{IA.M, YOI}
PADAYA » SORT(YNERT/TNASS)
7 ¢ 1C.LT.1 2 80 10 20
vTC = w28/THASS
DO 27 lelem
TuTi]) w ZeT())=-T¥IC

22 wily = DuASS(1)eTuT(l)exitly
TIPFET o SINT(1asMeu,0X]

Roc T e T EH N EE S SN

C=0s

PAINT OUT BASIC OATA (INCLUOING FESULTS OF PROCESSING)

20 PRINY 9704MDASDTALDTO

=08

C=0d

ERInY A0T. XAclIolCo!Dol!tl'-l.oINvlleJo“

satnr §¥0

PRINT K03+ APLIAANMALDISPLIARAY

PRInt Snbe (STAIT)e BSTARIT) oSECOL(TIoDMSFT T oZ0ARTYOWEIONID)
X TuTt1)0RL IS 01010}

17 ¢ 10,80, 1 PRINT 806+ COLIRADOYR

F ot IE, 0 ) PRINT 303, ICO

17 ¢ 18,80, ¢AND, WINKRI.EG.MAZKR] ) PRINT $07, winkR]
sRINT 433

3P ¢ 18,07.0 ) PRINT 809, HISPL

smint R10¢ COLeCDIS

17 ¢ 19,87.0 ) PAINT 8064 COLMADOYR

17 ( JE,8T.0 ) PRINT 800, oM

CHECH WYSes VOLUMES LoCoBo AGATINET DISPLACEWENT, L, .00
17 ¢ 18,F0,0 ) 80 Y0 21

TP ¢ ARSINISPL-DISPL) /ODISPL ,07, 0,02 } & TO 980

1P ¢ ABS'COIS~013ML)/DI8PL 0.02) 60 70 949

nies = CUIS

17 ( ADSICOL=CAL) 78 BT, 0,008 ) $0 10 %48

aETURN

-

FRRAS STOPS

V48 Tr o Q3o
949 % o IZe}
vS0 T w i7-)

*»

1 PRINTY Q400 IX
Lne

802 FORPAT ( STHOOPTION CONTHOL TABS = 4 & & D E ¢ & W 1 U/

o 10130 13X J7MNO, OF STATIONS & & 13 )

X ”wx
083 FORMAY ( SHOLENGTH & 710,24 5Ky OHCENSITY @ o F1). A/
R

(L)
[ 1]
[ 14
ol

€ DISPL, 8 o FI0.20 SXo IHIRAVITY & o Fi1.6 )

& FORMAT | TOMOSTATION  BEAM AREA COEF, ORAPT Z-0an wrl
6uT 2ETA SYR.AOLL 7t FT.20 AF10.40 712,00 t'lo 1)
8 FoRuaT { SHO00 o o F9.3¢ Sxy ISHOGYRADIUSIROLL w + FO. 00
6 FORMAT ( 1IN0LONG, CoBe & oFB.I4A0N (FUD, OF MIOSHIRS) LONG, O

XYRINTUS & 4 FY,Y )
T FORMAT [ 48%s IANCAICULATE uoututs AT STATION o 13 9
R FOPUAT 1Moy TaRe 4WGN = ¢ FO,3 )
§ FOPMAT { 46Xe 1SHDLISPL, (wTS,) v F18,2)
a Famat o lanLouo. Cofa » 4 FE, 34400 |lvo. Of MIDSHIPS) o1seL
Bo (Vi 41 & o F10,2

330 FORMAT ¢ 1THOBASIC {NPUT DATA )

833 FORMAT | JONODERIVED MESULTS )

901 FnRwaT { 1346y AD)

902 FoRMet {1112 )

90 FrRuAY { 10Xy IF10,8s FlO0.Y)

904 FONLAT ( 4F10.4)

9n8 FARMAT ( 3110)

920 FIMMAT | 1Mle 1VASe A2¢ IXe A10, A2)

Y40 FOPLLT ¢ JIHOSTAP IN SUBROUTINE PRELIND, [AROA NO, « INy

c-01
2

2

2

Fun

SUBPAUTINE PRELINC

COMMAN 7 CONDA 7 PL.OANMALSRAV,RO

COMMAN 7 HHOT /7 HOAL)A) sOTADOTAL IR ICII0 IEIF o 100Ny TIo1JeST3(S)

coMMan /7 DASOA 7 BPLIOISPLTMASS YNERT+DSTARI21) oANEA(2]) 0

x SECOE(21) oDRATT (1) o ZOAPI21) ¢ X1 (271 oXISD121) 0

X OWELM(ZY) JONASS (1) o ZWT (211 sORLI21) ¢ 2COeXNERT .

] XIPERTIGN MINKAT s MAXXR]T + INCRES (ROLDPF

rn»uﬂu /7 CASDA 7 NMoCMWIS1) 49VL (51) ¢OMYE (5] o VMINevMAXIDELY
NUAGWAD (25) s WANST o VANDASOWANG o HWI 4w (201 o WLL (51}

rnlunu 7 MIMD 7 18eNSeDXIeVoWANGIOPEIAIWAYEN CHeDIX(2108) oFALIWA

COMMON 7 TOR /7 M oSOMIZL) +SBBB 2L oNFONT (2%)

CAMMAN /7 7 TOP(21+2%+10)

CownoN 7 PROGAAM 7 STORABE(494)RSA (101 4NDC(S)

NATA NF 7 2% /

DATA ONT /7 0a0s 0401 04020 0,060 04109 0el%s 0,21, 0,28 0,36

x 0e88, 04554 0,67 0,820 14039 1280 1,58, 1,950 2,49,

x 3008, Dely 407e Se8s Tole BeTy 10,7 /

AFAD AND PRINT CONDITIONAL INPUT DATA CARDS
1] I:An Te UAOSULtllL'D!LIL.VHIN-VNAI-DELV
€e0 ) ADs1e27
luv 920¢HNADTALDTS
INT 432
PRINT 9nTe WAsSWLIBWLIDELYL JVHINIVMAXWDELY
TF ¢ 1€,LT.1 ) 60 TO 28
REAN  907. ROLOMF
PRINY S0+ ROLOMGF
REAN 0T WANGI WANIALDuUANS
PRINY 907, WANGTWANGADwANG
IF ¢ 10,LTel ) 60 TO 2%

STAn 908y NV NDIL)edelol)
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¢=0)
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C=03

c=08
t14

c-19

(1]

[t 3
°Q

1)
Yy

c-12

c-11
.7

PRINT 9200 N'lclib(!)ul'lolol
1F t 10.5Ee3 } 523
agan a9, (lulx|-2011n10)
ORINY $0%e (wWQ(])elotle2d)

tk’u' DATA FAAROR CHELK
1x

1 « MINKRE WEWARKAT oAND, SNCRESOLED 1 X
TIF ¢ SWLONE,B¥L  oANOs  JELWLILEGOe0 ) ix
1P ( VMINGNELYMAX JAND. DELVILELO.0 3 ix e
1F ¢ wANBT NELVANGA o OWANG LEeOed ) IX w
17 ¢ 1GNE. 3 €0 10 950

0

1 ¢ Nul.0T.10 ) 60 TC 98]
M os (MUL=SWL) ZNELWL+1,001
IF 1 NN, BT.51 } a0 10 93}
1F ¢t IDTel ) 60 10 30

PREL TMINARY CALCULA1!0NS FOR IAACOULAR wAVES
hd P2 lelem
fuwey) 9 SILOL!L'L"X 1)

00 10 32
X ® 40,001/naang
17t ReLT2) w e
IF ¢ K0T,12) X = 12
OVANA @ 80,0/K
wiung ® 180,0
17 ¢ wAnGA-windt ,EQ. 0.0 3 €0 TO &)
wANAT ® 0,0
an th 3>
wANAY ® 93,0
an tn 32

"[t!"lkllv clLCULAVXOus FOR REQULAR wAvES
LUIRTINR |

OuviT) » salt(I.OODXOGlleIQUL'OEL'L'll-llll
LITIR Y lulNﬂl-lANO:)lOllNool.

1F 1 NWALGT.25 ) G0 TO 98

8N 3% Jelehed

wACIT) ® WANOIeNWANG® (1=}

CONTINUF

CALEULA"T TwODIMENSIONAL SECTION PROPERTIES
AND COMVERT TO DIMENSIONAL #ESULYS

tF ¢ 16,87.0 1 a0 TO S0

caLy CuLEw

1F ¢ IE,GTe) ) 30 TO &2

vFRTICAL OSGILLATIONS
caLL ZImse0 (0ET)

Fi w PIORO/AO

AR AR gelem

Fil o F
NO 48 Telem

P elal) @ T08(IsTs])OFAC
IF ¢ JETLY ) 30 7O &)

LATFRAL anD RULLING CSCILLATIONS
€L ToL® ooT

no 4a  Jelew

QAN ® KORT(USTAR(J)/(2.0000AV)
1F ¢ RADB Lt E. Ne0 ) GO TO 4¢
PSA(Y) a ROSAREA(Y)

osia) o ESALD)/PRO
2GR (%) & ASA(S)
. BLA(S 00
® REA (51 eNSTAR(Y}
. RSA(TI/R000
PCA(e) » DSA(S)

8%A110) » RIA[S)

no as  Islenr

LEIVYSE TR 13T )

P )elex) @ TOPIIs 1K) GRTA(K)
CONTINUE

WRITS TP ARKAY ON FILE (TAPELN)

wWOTTE {17 tMOACD)e1m14S5;

wdite (1M ll(Yﬂ'(Jclcl)'JclcN)oX'ltN')oKlchO)
IF 1 OFT,£0,0.0 (0%, OOT,EQ,0,0 )

SRINT NUT Tr(eDIWENSIANAL SECTION PROPENTICS
SRINTY 9204HDALDTALDTE

satur 07

LAY ] o) o0

QT8 & J=0.S08(1e04)

U

- amn T mema e sm———

16T Sen, <T¢

40 BRINT 999,  OMT{1ls (TOPLJeJeK3eNe201000
x COMTIT3e LTCPIJL Ten)osKnY o101 0JaRakr)
LR 2N

CeOR  BZah TOP ARRAY FROK FILE (TaPE10)
S0 IF ¢ 16,0T.2 ) 00 70 81
sEa0 (103 (HOCIDI o Jole®)
to a2 laleS
1P ¢ MOCII) oNE, WDALL) ) €O YO 949
92 CONTINJP
REAR {)0) (LITHPLJelek) s udeMIelud oNF) eKa] o 10)
17 ¢ 10,E0.,1 ) 60 10 47
51 1A = 3
1F ( IX,NEJC 1 00 YO 950
LAY

Ce0P 6n AT FOR NEw ALRSIC INPUY DATA
1 CALL PRELIMe
a0 Yn 20

Ce0a  ERRON STOPS
960 1¥
480 11 @ (Xe}
§81 PRINT 940, IX
17 ¢ IX,EQe6 3 BRINT 941, HDC
RN

932 FOPMLY

/3ANOCONDITIONAL TNPUT DATA CARD BANINT OUT /)
901 by

¢
P10
¢ Jl0y 10731
900 FORMAT ¢ JOXe JOFS.1 )
¢
t
i

Y20 FORMAT ( IWDe 1388y A2¢ 3£y ALOy AT}

9e0 FORWAT | 39NOSTAP IN SURROUTING rnthnc. ERRON NO, ¢ IOV

Y41 FARMAT ( ISHOTOR FILE LABEL o 9xe SAS

907 FOAMAT ( 1MDeLINeI4NTUO-DINENSTONAL SICYION SROPERTIES /4X+SwFREQ,
X74Xo12THPARAM, 2=PRIXE(ID) A(SARISQ, MagB (St neSUDISY “
x(e,0ul) (AT LI ) 1=SUR(m) NeSURIR)  Feosua(R.S)  WeSUBIR.
xR )

908 FAOUAT | AN STA o FS,1 )

934 FORMAT ( Flheas 1O INFINITY o 9E12.4/ 1 F1.ae 10012,8)
enp

YBRAUTINE Pk

caMvAN 7 CONDA 2 PLiGANNAJGRAVRC

CAMMAN 2 MHDT / HOAL14)¢OTAIDTRIIRIICOIDIIEIFeT8aIne 1T 1diSTS(S)

COVMON 7 CASDA 7 NNOMW(S]) ouvVL (S OMRE(S1) s VMINGVHAXSOELY
X NvhowAD (29} ANOAOWAKG NI o wT 120) oL ISy

COMMON 2 STAT / SPECH(10481

coMmnAN 7 PROGAAM / STORAGE (Y

NIUPNSION SPUt12)

DATA SPL/ONNEUMANGOHN (19844 M)) (HALONLY ) 0
X GHPTIRSO s OHN=NOSK 1 6nONITZ oM (1004}
X AMTHD PALSHRANETC c4mRs 1SS:0MC 1987/

AS0UAR o QRAYSRAY

cONSTY +0008270830VARSPTOSY

10429}
Yo {81 emvET 105}

C=Gl CALCULATE WAYE SPECTRAL OENSITY AT EACH FREQUENCY
DO 80 KNeloNN
VOITH 8 QUW(KK) @OMWIRX)
0NSG ® ONW(KK)SYOITHOYOLITH

C=02 LOOP OVER WIND SPELD (OR STA STATE) RANGE
00 4 felevl
U e wD(11el, 00800889
a0 YO € JOs 20¢ 30 ) 4 10

NEUVANN SPECTRUM (19531 {MALFe SC THAT $18, o T TI0FS Rouess)
BOVER o (=2,0038QUAR}/Z(VOITHOUSY)

SBFCU{TRK) ® (CONSTOERP (POYER) )/ (ONSQOOMY (XY))

a0 Tn <%

Cedes PIEQSON-MOSKOFITY SAECTAUM (19643 FOR FULLY ARISEN SEAS
20 POVFR w =,T42 (GSQUAR/ (USUSYOITH) ) 002
CPLCHITIKK) § (COBICGSQUARSFIP (ROVER) /OWSQ
a0 T6 46

Cadak Twh PARAMETFR SPECTRUM, BASFD On SIONIFICANT widVE WPIGHT AND Wlaw
®100s SIMILAR YO [,3,85,C. NOMINAL (1967

0.2500w0(1)000LT)

v 8 1ge1

AR m (O,NITO%2,00P1/7N0(K) )00

#OVER & B8/ (¥OLTHOVOLITH)

SPECW (I KK) ® AASSASERP (POuFR) /ONS0

3

A% PONMYINUE
S0 CONTINUP
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(1] !nv'cnavt WAVE SPECTRA TO OBTAIN wAVE AWALITUOL STATISTICS
EL o OMuid)eOMwid)
no AN Nglew]
AO SS Lel oW
49 ¥(L)e3PPCN(%L)
wVIT (KoL} @ SINTILoMNsVeDEL)

wYST(KeP) & SINT(WYITI(KeL})
wVSTI%43) ® @vSTiRe2IOL 2048
WVST(Kes) @ wvST(Ne2102,0
WVST(KeS5 @ wySTiReDIOQ,3482
&0 CONTIMUE
[T INY OUT wavE SPECTAA AND awPLITUOL STAYISTICS
i SAINT 920,#DAsDTASOTE
158e10%
18101883
PAINY 101+ (SPCII)oloIBl018801)
IF (10.LTe31  PRINT 1080 funix)skelenw]d
17 110,.7,31 66 10 31
sutnr | 190 () oRmlon¥])
® 10s
Y 1060 (WOUK) oxellel)
41 #RTNT 107 (LelalenvD)
selur 168
N0 8 lalonh

SRINT 1nds OMe(T}y (SPICH K1) oxn]iNu])
92 CONTTNUF

s¥int 100

N0 AR Ral.$
63 PRINT 1030 STS(K) o (WVST(Lon3 oL o] oND])

arTuRN
196 FARMLY ¢ Im

MAT  JMAIVE(2INWAVE SPECTRAL DENSITYe cahbelu SPECTAA/)
102 roRusY ¢ 11712,0)
109 FORuLT ¢ &Xe Abe 10F12,.:
106 £ARuaT ¢ 175, 24nFOR W1n) SAEEDS (ANOTS) GF / 12xs 10712, D)
108 FORUAT ¢ WXy THEIQ.NT, oF8.3 )
106 FORWAT ( OXy THuN,PER, oF Ari2,3)
187 PORMA”™ ( 14KG SPECTRA NO, o 180 9112 )
JON PORMAY ¢ 1IN wAvE FOEQ, )

t

20 FORULY
~o

IM1e 10460 A2 3Xe ALO: AD)

SURENUTINE POLD

PFONMON 7 CONDA 7 PToBANMALORAY RO
COWMON 7 QASDA 7 APLDISPLoT#ASS YNERTBSTAR(21) eARFA(2]) 0

1 SECOE (1) onRAPTYLR)) o 2BANIRY) o RT(21) o X1S0(21) 0
x DWEIOHI21H (DMASS(2]) o2WT(21) 4 INL (217 ¢ ZCAIRNERT,
t xZPERT INCRES  ROLNPP

-Ol.lluvl!.lAllll
CHMurK) 7 TOIM 7 wEowENIANS 1214100 4RLIRVL 100 IV

cAvuAY, 2 wIND /7 TAe Snollov.llu.noutol'UAVINnc'oblx(21.5)orlctwl
£OMRAN ; PADGAAM / STODAQE(4BT) oV I21)2¥(2])

€=01 INITIALTZE PAQAwETINS REQUINED
ww w7
LA ]
wl @ 0.8
Al o 0,0

€=02 CALCULATE NATUMAL ROLL FREQUENCYs INC. UDING ADDID INERTIA
AN

wf a SORT(DISPLOIN/ LINERToRAT))

17 (aBSIvER/wrel,0) otTs 0,01 3 0O YC O

wlN o wEOWE/GuAy

earL ALIN? K

PO & Je]4nS

Yy ® ANS(leT)

wily » anSilenm)

®A1 o SINTUIAsNeT4DRD)

Rt o SENT(IAaNSw, 0X])

ap 1A 2

»

Ced) CALCHLATE APDITIONAL ROLL DawkIne
ROLNSE o 2.NSROLNPPADTIOLSQu/UF «RND)
oRtur Sp, @F svusAOLDPF

PrAT ™

A
o

en PAUMST 1 777131, 2SHNATUMAL ROLL FATQUINCY o  +710,87 4%, JenCALCY
ILATED waVE DA<PING IN ROLL o o £14,4/ JOW ACOITIONAL YISCQUS OAMP

g TINA TN QOLL ® o P44
3 IV

55

FUNCTION SINT (INTACJYDR])

INTPORATE THE FUNCILON Y11, WNICH I3 TABULATED #0n J POINTS AT
POULDISTANT INTEAVALS OF Ox1

1F INTO » 04 USEZ SIMPLE SUNMATION TINgS DX}

1¥ INTO @ 1o UST TRAPZIOIDAL AULL

aana

NIMFNSTON YI1)
Su¥s ® 340
LI Y]

10 SUML & SUNAev(])

IF £ INTS o8Qe 3 ) SUNA & SUMA=.Y(l)eY{J})/2e0

SINT 8 NRIOSUNA

ot TURN

nd

SUARAUTINE CKLEw

COMNOKR 7 CONDA 7 PlolaNuAORAY RO

COMMAN 7 BASDA 7 APLOIISPLITHASSsYNZAT+BSTARIZL I cAREA (R0

x ] R(21)9XT(21)0X130(2Y)9
£ TIRY) +BRL (211 92CHIRNERT
¥ RIPERT @usMINKRT (MAXRKNE ¢ INCRES s ROLAPF

COMMON /
NATA ERTe ERD /7 PHIN o+ 2HOC 7

PIAR & PI0).0732,0

C20] FHECK SECTION PaRANETERS AOAINST LESIS FORM CRITERION
A 1 TeleM
SARA Dy aSECOECT)
1P (ORAFT(II.LELN, 0} GO TO 11
QAN [TINASTAR(]) 7(2.,08NNAFTY (L))
17 {T)LFoven) 00 YO
1P can(lia].0) 24208

C=02 TE¢AN SEFTION
11 fAn(1) @ 040
an Ta }

17 (ePRAI1) Jul, PIRRG(2,0-30N21))) 60 TO 8
SAAR(]} » PIB4e (2, 0=3RN(]))

an ~n 7

17 (RBEA(1) Lo, ¥ 9(2,0-1,0/80%(1))) 60 $0 8
SARR(]) & PIogRe(P,%e],0/83n(I))

PRINT 20, 1eFRT QECOELL)sSAPANLY)

an 1o 1
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1F ( SBARII)LE, PIOISBM(I)41,0/80M11)210,0)/732,0) 60 T )
SARA(T) & PIO(SAN(II el 0/SBNIT1410,00732.0
SRILT 200 1eZANISECOL(T) oSRRAITY

CONTINUF
LIt 1]

20 FARLTY (€0 SECTICHeI3sa3n NOT vALID LEWDS PORN, SEeTION AREM COLF
RO, sa2+12NCREASED FROMIFT 4¢30 T0:FT,4e210 FOR T,0,PR0P, CALCSS)
NN

SHARAUTINE TIPSun (DET)

FONUAN 7 TOR /7 NSeIRM(21) e SADB(21) o+NF sONT (28)

COMMAN 7 /7 T0OP(21423410)

CONNAN s PRIGHAM s STORAQE (1873, DOT,

] COLI11oST111eCOPII1ISIPCIL) oSIRII448)43TKI{M08) 0
1 SEBIT1)+SPB011) 03081110 +SSALI108PAC11)e8RA(LY)

A LPA1%:85920419)EP3(3)«D1(10¢11)4EPK! §) (POKC 91
0FY o 1.0

regl AFT 1P TAIGONUMFTAIC PUNCTINNS
/1 Jaleld

T1eta}

CALTICNSIII*0,187078)

Q11T esINIX]®0,187078)
COP(T)COSI2100,8712)8)
RIPITIgINITI0N 471204)

NO 2 Kel+d

oK o K0P

A% » AK®0,18707A
no A le)-3

afetal

MR TraSING AK
oY yeles

LFL

°(2.,0041e1,00)

Rl R A e
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ol A R i 2 sz s AL, a0k Vs B
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T SINJIKe JIOSING Ax 02,00, 5)
? convingE

C02 LOOP OVER NUNSER OF STATIONS
00 1809 K)ol NS
17 K1 +€0. 1 ) 60 7O 83

€=03 CHECKN POR CONSTANT SECTION RARAWZITERS
XK & Klal
IF 1 SBEB (K1) LSRR8 (KK)) 0 TO 88
1f  SBHIKI)NE,SBMIRK] 3 40 TO 88
QO AR 17 elenr
TOPreleIfel) o TOPIRKIIF L)

80 0P (v1eIFe2) & TOPINKIF D)

80 tn 1003

CtuEc POR ZEMQ SECTION
08 17 ¢ SBAB(KIILLF 0.0 <OR, SEMINLILLESS ¢ 30 TO 8a

SANEI. 141590 (SARD (K1) 84,003,1428V) 038K Ix1)/
1ISANIR11o1,0) ¢ (SONIKIIo1,0))
RWReR $5165=1,C707808AN
17 (swdy llgllolt
1 VALTP (61200 !
120 vonn:nuomconm PARARETERS, ZIPENO QUITS FOR STATION +13)
OLT & 0,8
80 10 1048
12 TATe2.I9010RQNT (SVA)
SAU(SOMINLI=140)/7(3ONIKI1 0], 008A2/8AN
SAeSAZ/SAN=1,0
Shkeshogaed, osA
SALseSAOSAR+ ), 0a3A088
SAZee(1,005410(0,33333¢0 ||o¢103A-o.ot 17031A00.01s|1~sAaA)
10.2+0,14280084 408AA 344
Slll-'.!ogl

200300{0,0370840,01

$F3uall,
SPAu.t],0084)00,0188

€=03 1000 OUEZR FREQUENCY RANGE
00 N0 1008 Ifal.NF
SFAPL @ OMT(IF)eSEN(RY)
1P ¢ 3FAPA 87, 0.H) 60 TO 3
L]

(31 o161

00 19 Islelld

[ L1 E)

XX o S¥S((1,00841°COLTIesFOCOPIIN)
vy o SWoill,0-343031(11-30081P(]))

FUYSEXP {oYYE
CXRCHSIXKE

S1TegIN{RT)

$SA(T) 83, 101800g1X0LNY

SRR (T EI, 141000 (OENY
S00(7)0888(1) 53000 (1,0e9100,1)
A1040RT (XXSXXSVYEYY)

Ml e Ba

17 (ABSIYY) L8T, . 10e8) @0 TO 1)
ACe) 9748

0 16 18

13 lC'l!iN(llIIH
1s

C“CIOCQI(DCI
cosCaCORC2
SI8CnIININC)
AldCesInG?
17 tRA L6T. $,01 €0 TO 17
LK

20 AOsRD+BB1oCOSCE
ll:.(...l'ﬂlcl
A81eb

o], §) /7 (RNMO NN}
€¢NIC1eCOBC2eCORC-330C22310C
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codcreCoscl
Andigamnel 0
170¢a81)=10,001080)) 121420
23 F0O (BDALOA ), T8 &BA) ) eguY
age topLo8C) oLHY
sdongeCreBleg)y
SaengeCredlosln
60 T lace
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"o 29 weules
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TR e v
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cancpetoncl
22 CONTINUE
AAERN=),1413924520EnY0SIx
ORSRTY, 14159265 20KuY oL
1000 SSA(1) 020D
s (1l
18 CONTINUE
Sh0assacl)
$rPial
sroled
$Q8=n,3823¢
0o 28 le241)
Ate}
APALTI WESALT)«8RA0S (1.0=(A1=1401/10,0)
$00-80
Kr¥eii],0034)08T (11000880812 (1))*(Co1STOTReS0}
ar01aSFQ1eSPY (1 08N
QP asTP e SPA(TIOSPN
28 CONTINUE
<F01eSF01-0,30%0RL11) 08PN
FPLasrs esPALLY)08FM
FRAr1s1)uSSA0
¥oh.1)  =3380
00 27 Kalyb
L{CLTYY
qfap
tPhan
tyhen
tedan
PO 2R JuieS
18:me
A140R1ASOLIISUR) OSIKT IR,y
S16aS10+300 (ISURISSIRT (Ks )
™ caNTINUF
NG 29 Jeles
1% " v20 401
KPR, HeSOBIISURI OSIKIIKGY)
S2he3 Re803 (TSURIOSIKI KWL
20 canTivee
FA0NK) @l 20AAATES1840,)313330828
+2064670814+0,1333330324

L]
«0e0,2]122108w
0212208y
0.0000403w
FRA(ReR)0cSAAA»0,0023303y
FRr811431020,33333)08y
FRAII.31040,30)0 08w

.070‘0'5'
FPA(145) 00, 02008y
7OAI3,2)80,C990308w
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0V @ VALIT1®02¢ (X=ARO(1~])) 0}
17 [ 03,NFe0,0 ) GO YO S
THv o 1,E75
an 1A 17
18 14 o PY/Q)
tr e ¢ A:s(:.o-xnvllnl LT, 0,023 00 Yo 22
.

) a9y
2y » Q2

0> = Q)
12 cAvTINGP

£=0% gTNOF RESULTS
27 ANS(K14K) m XAN

[P

-

L T N PP

ok s

R P U S S R WU ST Tt 77 Tuy Y ¥, 7




¢
K

R T T L N o P AT Y RS (T

TSy TR T R TR T TR T

2 k)

AT e e it

™

BTNy

18 CONTINUE
20 CONTTINUE
RETURN

(L0

SUARAUTINE COLFF

COMMON 7 CONDA 7 PL1oJAMMAIBRAV RO
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X DWEIOMI2)) DNASSIZL) oZWTI21) oBRL {21} s ZCHoXNERT
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